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PemoNPVclusion body (OB) protein gene of Penaeus monodon nucleopolyhedrovirus
(PemoNPV) was successfully isolated. The OB gene sequence contained an open reading frame (ORF) of 1359
nucleotides encoding a protein of 452 amino acid residues with a predicted molecular mass of 50.6 kDa. A
putative late promoter element, TAAG, was identiﬁed 72 nt upstream of the translation start site. The amino
acid sequences of tryptic digested peptides of PemoNPV OB protein obtained from LC–MS analysis matched
quite well with various regions of deduced amino acid sequences. Recombinant PemoNPV OB proteins
speciﬁcally reacted with monoclonal antibodies to PemoNPV OB protein. After comparison with nucleotide
database, the PemoNPV OB ORF demonstrated 67% identity to an uncharacterized ORF of a baculovirus
pathogenic for Penaeus vannamei. However, comparison against protein databases revealed no signiﬁcant
homology to other known proteins.
To our knowledge, this PemoNPV OB gene is the ﬁrst isolated and characterized gene of nucleopolyhedrovirus
from shrimp.
© 2008 Elsevier Inc. All rights reserved.Introduction
An occluded baculovirus was ﬁrst described in Penaeus monodon
from Taiwan (Lightner and Redman 1981). According to TEM studies,
the virus was classiﬁed in the family Baculoviridae, genus Nucleopo-
lyhedrovirus and initially named as monodon baculovirus (MBV)
(Lightner and Redman 1981) as well as PmSNPV for P. monodon single
nucleocapsid polyhedrosis virus (Bonami et al., 1997). However, the
taxonomic status of the virus is still uncertain. Therefore, in this
study, the guidelines for virus nomenclature published by the
International Committee on Taxonomy of Viruses (ICTV) (Murphy et
al., 1995) have been adopted and the tentative species name P.
monodon nucleopolyhedrovirus or PemoNPV is used as in the 7th and
8th reports of the ICTV (Van Regenmortel et al., 2000; Fauquet et al.,
2005).
PemoNPV was originally thought to be speciﬁc to P. monodon.
However, lesions of similar appearance have been identiﬁed in various
penaeid shrimp species (Manivannan et al., 2004) from various parts
of the world including Australia (Belcher and Young, 1998; Vickers et
al., 2000), India (Madhavi et al., 2002; Vaseeharan and Ramasamy
2003) and Thailand (Fegan et al., 1991; Flegel, 2006). Even though
PemoNPV does not cause mortality and serious ill effects, infectionm (P. Chaivisuthangkura).
l rights reserved.can result in substantial economic loss due to poor growth perfor-
mance in shrimp cultivation ponds (Flegel et al., 1999), and perhaps
due to low survival of post larvae (PL) as a result of secondary
infections with Vibrio and various protozoa (Ramasamy et al., 2000;
Vaseeharan and Ramasamy, 2003).
Diagnosis of PemoNPV can be easily accomplished by demonstra-
tion of intranuclear, polyhedral bodies (OB) in squash mounts of
hepatopancreatic tissue stained with malachite green or in tissue
sections stained with hematoxylin and eosin to reveal enlarged nuclei
containing acidophilic inclusions and acidophilic OB (Flegel, 2006).
Since detection of OB may be difﬁcult with light infections, more
sensitive molecular techniques including in situ hybridization assays
(Poulos et al., 1994) and polymerase chain reaction (PCR) assays have
been reported (Chang et al., 1993; Lu et al., 1993; Belcher and Young,
1998, Hsu et al., 2000). However, of the latter, only the Belcher and
Young (1998) method has been found to be reliable for detection of
PemoNPV from Australia, India and Thailand (Flegel, 2006). It is
possible that failure of the other methods (Chang et al., 1993; Lu et al.,
1993; Hsu et al., 2000) outside of Taiwan is the result of geographic
strain differences among various PemoNPV isolates (Satidkanitkul et
al., 2005). Recently, DNA primers designed from a genomic clone of
PemoNPV successfully detected PemoNPV from 10 geographical
isolates (Surachetpong et al., 2005). Monoclonal antibodies (MAbs)
speciﬁc to the polyhedrin protein that forms the OB matrix of Pe-
moNPV were developed from a Thai isolate and used for its detection
Fig. 1. Immunohistochemistry and H&E analysis of the occlusion bodies (OB) in PemoNPV-infected hepatopancreatic tissue from Penaeus monodon. (A) Tissue stained with H&E
showing pathognomonic, eosinophilic OB diagnostic for PemoNPV infections in P. monodon. Two OB are indicated together with one nucleus (pre OB) at the early stage of PemoNPV
development with OB absent. (B) Tissue stained with H&E plus MAb immunohistochemistry showing positive immunoreactions only in PemoNPV-infected nuclei that contain OB.
The most intense reactions are with the OB themselves.
Table 1








MBV21-4B +++ +++ −
MBV25-4G +++ +++ −
MBV6-9G +++ +++ −
MBV14-1G +++ +++ −
MBV16-3G +++ +++ −
MBV21-11B +++ +++ −
MBV24-5E +++ +++ −
MBV5-3H ++++ − +
MBV10-11H +++ − +++
MBV21-8A +++ − +++
MBV5-6F +++ − +++
MBV8-5G +++ − +++
Immunoreactivity was arbitrarily scored: ++++ = very strong; +++ = strong; + = light; and
− = negative result.
262 P. Chaivisuthangkura et al. / Virology 381 (2008) 261–267by immunohistochemistry, dot blotting and Western blotting (Boon-
sanongchokying et al., 2006).
In contrast to insect baculoviruses, little data exists on the genes
and genomes of crustacean baculoviruses. However, the PemoNPV
genomic size was proposed to fall within the usual baculorivus range
of 80 to 160 kb (Mari et al., 1993). The gene for the polyhedrin
protein that comprises the matrix of PemoNPV OB was initially
investigated based on conserved sequences of insect baculovirus
polyhedrin genes (Chang et al., 1993; Lu et al., 1993). However, the
full sequence of the PemoNPV OB protein gene was not reported.
Polyhedrin from OB of a Thai isolate of PemoNPV was found to be
58 kDa and the ﬁrst 25 amino acids at the N-terminus (Satidkanitkul
et al., 2005) revealed that it did not correspond to the deduced
amino acid sequence reported for a previous report of a putative
PemoNPV polyhedrin gene from a Taiwanese isolate (Chang et al.,
1993; Lu et al., 1993).
In this study, the PemoNPV polyhedrin gene was successfully
isolated using a homo-oligomeric tailing principle similar to rapid
ampliﬁcation of cDNA ends (RACE) (Rudi et al., 1999) and the deduced
amino acid sequence was compared with that of LC–MS data of the
tryptic peptides of puriﬁed, natural PemoNPV polyhedrin. Truncated
recombinant PemoNPV polyhedrin proteins were further character-
ized using monoclonal antibodies previously developed (Boonsa-
nongchokying et al., 2006).
Results and discussion
Speciﬁcity of monoclonal antibodies to PemoNPV polyhedrin
To monitor and substantiate the molecular work, a previously
reported (Boonsanongchokying et al., 2006) MAb speciﬁc to poly-
hedrin of PemoNPV (number MBV 8-5G) was used. To conﬁrm the
speciﬁcity of this MAb, archived parafﬁn blocks of P. monodon post
larvae infected with PemoNPV were sectioned and stained with H&E
to conﬁrm histopathology pathognomonic for PemoNPV (Lightner,
1996; Flegel, 2006). Parallel sections were also subjected to immuno-
histochemical analysis using MBV 8-5G. PemoNPV infections were
conﬁrmed by the presence of pathognomonic eosinophilic occlusion
bodies (OB) (Fig. 1A). Enlarged nuclei with marginated chromatin but
without OB and characteristic of the early stage of PemoNPV infection
(Lightner, 1996; Flegel, 2006) were also present. Positive immunor-
eactions with MAb 8-5G were observed only in enlarged nuclei of
hepatopancreatic cells in the late stages of PemoNPV infection at
which time OB were clearly present (Fig. 1B). The most intense
reactions were with the OB themselves but some additional weakerreactions were seen in the nucleoplasm, probably arising from poly-
hedrin accumulating for further OB formation. However, there was no
MAb reactivity in enlarged nuclei in the early stages of PemoNPV
infection when OB are absent (Fig. 1B, pre OB nuclei) but virions
present. This conﬁrmed that MAb 8-5G did not react with PemoNPV
virions. The otherMAb (Table 1) gave similar results, as reported in the
earlier study (Boonsanongchokying, et al., 2006). In that work and in
earlier works (Bonami et al., 1997; Satidkanitkul et al., 2005), OB of
PemoNPV were found to contain a single predominant protein that
has a molecular weight of approximately 58 kDa. Although it is pos-
sible that puriﬁed polyhedrin might be contaminated with minor
quantities of PemoNPV virion proteins, MAb 8-5G and other associated
MAb gave positive western blot results only with a protein band of
58 kDa. These previously published results and our conﬁrmatory tests
proved that MAb 8-5G was speciﬁc for PemoNPV polyhedrin.
Generation of DNA fragment libraries
Using the two degenerate primers that corresponded to the ﬁrst 25
amino acid residues at the N-terminus of OB polyhedrin of PemoNPV
(Satidkanitkul et al., 2005), a single PCR amplicon of 74 bpwas obtained
with a sequence of ATG TTT GAC GAT TCG ATG ATG ATG GAA AAT ATG
GAC GAC CTT AGT GGA GAT CAG AAG ATG GTT CTA ACT CTT GC where
the underlined sequences correspond to the region of the primers
MBVFdegn and NMBVR. Using this sequence information to generate a
library of DNA fragments toward the 3′ end of the polyhedrin gene
(Rudi et al., 1999) followed by ampliﬁcation usingMBVR120nested and
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mately 1500 bp (Fig. 2). The sequence of this fragment (1419 bp) is
shown in Fig. 3, together with additional sequence at the 5′ end
obtained by using the 1419 bp fragment to generate a library of DNA
fragments and yielding a ﬁnal fragment of 1588 bp.
Nucleotide sequence of the PemoNPV polyhedrin gene
The 1588-bp DNA fragment containing the full-length coding
region of the PemoNPV polyhedrin gene (GenBank accession number
EU251062) (Fig. 3), consisted of 1359 nucleotides encoding 452
deduced amino acid residues with the predicted molecular mass of
50.6 kDa. The ATG start codon at position 1 matched 5 out of 7 of the
consensus sequences (A/GCCAUGG) for initiation codons of eukaryotic
translation sites (Kozak, 1991). The upstream sequence of the
translation initiation site contained a putative late promoter element
TAAG at position −72, followed by an A/T-rich region (83.8%) between
TAAG and ATG (Fig. 3). The pentanucleotide A/G/T TAAGmotif, usually
located at −20 to −70 upstream from the translation initiation codon
and an A/T-rich region are highly conserved among insect baculovirus
polyhedrin promoters (Okano et al., 2006, Rohrmann, 1986; Morris
and Miller, 1994). The 3′ noncoding region downstream of the stop
codon TAA of the isolated DNA fragment contained an AT-rich region
similar to that of insect baculovirus late and very late genes. This 3′
region of insect baculovirus late genes tends to be very AT-rich and
mutational analysis has suggested that the T-rich sequence is essential
for termination and polyadenylation but that the poly(A) AAUAAA
signal is not required (Jin and Guarino, 2000).
After comparison of the PemoNPV polyhedrin encoding region
with nucleotide databases, it was found to have 67% identity with an
unknown sequence (GenBank accession number DQ496179) from
PvSNPV from Penaeus vannamei (Bonami et al., 1995). Unexpectedly,
no similarity was found with other previously reported nucleotide
sequences of PCR products ascribed to the polyhedrin gene of Pe-
moNPV from Taiwanese P. monodon (Chang et al., 1993; Lu et al., 1993).
Those PCR products were obtained using primers designed from
conserved regions of insect polyhedrin genes.
Deduced amino acid sequence of PemoNPV polyhedrin
Comparison of the deduced amino acid sequence of PemoNPV
polyhedrin with protein databases including GenBank, UniProtFig. 2. Agarose gel showing the nested PCR ampliﬁcation products obtained using
MBVR120nested and poly-guanine primers. M: molecular weight marker, Lane 1: PCR
ampliﬁcation products.(Swiss-Prot/TrEMBL) and PIR using FASTA, blastp, or PSI-blast yielded
no signiﬁcant similarity to any sequence listed, suggesting that Pe-
moNPV polyhedrin was a novel protein. On the other hand,
comparison of its deduced amino acid sequence with the translated
nucleotide database using tblastn yielded a hit of 49% identity and 61%
similarity to a deduced amino acid sequence for the unknown PvSNPV
nucleotide sequence described above (Fig. 4). The low level of identity
suggests that these two NPV from P. monodon and P. vannameimay be
genetically very different.
Although more detailed genetic characterization is required before
PemoNPV can be conﬁrmed as a member of the family Baculoviridae,
the lack of homology between the polyhedrin protein of PemoNPV and
those of insect baculoviruses in the databases does not disqualify it for
inclusion in this family (where it has historically been classiﬁed). Even
in the insects, polyhedrin protein sequences are diverse. For example,
a previous report indicated that polyhedrin of the freshwater
mosquito baculovirus Culex nigripalpus nucleopolyhedrovirus (Cu-
niNPV) showed no signiﬁcant similarity to any known protein in
available databases (Perera et al., 2006). It has previously been
suggested that this lack of homology with polyhedrins and granulins
of terrestrial insects may be due to speciﬁc adaptations that allow
survival in an aquatic environment (Moser et al., 2001). Thus, by
analogy, it may be that lack of PemoNPV polyhedrin homology to
polyhedrins of terrestrial and freshwater insects reﬂects adaptations
of PemoNPV to marine or brackishwater environments.
The deduced amino acid gene product had a calculated molecular
mass of 50.6 kDa with ﬁve potential N-linked glycosylation sites
(134NLT, 307NGT, 332NNT, 333NTT, 352NTS) (Fig. 3, arrows) as revealed by
NetNGlyc1.0 (http://www.cbs.dtu.dk) and a potential O-linked glyco-
sylation site at threonine residue 450 (Fig. 3, circled) as revealed by
NetOGlyc3.1 (Julenius et al., 2005). The disparity between deduced
molecular mass at 50.6 kDa and apparent molecular mass at 58 kDa
(Satidkanitkul et al., 2005) may be due to the glycosylation at various
sites of OB protein. On the other hand, a previous study revealed two
minor polypeptides of PemoNPV polyhedrin at molecular masses of 49
and 47 kDa (Mari et al., 1993). It is possible that the minor polypeptide
49 kDa corresponds to our deducedmolecularmass of 50.6 kDa for the
polyhedrin of PemoNPV. For comparison, polyhedrin of PemoNPV at
58 kDa (Satidkanitkul et al., 2005; Mari et al., 1993) appears to be
slightly larger that that of PvSNPV at 52 kDa (Bonami et al., 1995) and
about twice as large as the insect polyhedrin proteins that range from
28 to 38 kDa (Mastos and Miltenburger, 1981).
The deduced amino acid residues at the N-terminus of PemoNPV
polyhedrin proteinmatched 100%with the ﬁrst 25 amino acid residues
obtained by Edman degradation in previous work (Satidkanitkul et al.,
2005).
LC–MS analysis of PemoNPV polyhedrin
Analysis of tryptic digested peptides by LC–MS yielded 20 amino
acid sequences that matched various regions of the deduced amino
acid sequence from the PemoNPV gene, but with a few disparities
(Fig. 3). The disparities probably arose due to the fact that several
amino acids are isobaric including I and L (113.16 Da) denoted as X in
Fig. 3, Q and K (∼128 Da) and F and Mo (oxidized methionine) that
cannot be distinguished by LC–MS analysis. Proteins that are subjected
to gel electrophoresis prior to in gel digestion usually contain oxidized
M residues, methionine sulfoxide (Mo; denoted as M in Fig. 3). The
residue mass of Mo is 147 Da and is isobaric with F (Swiderek et al.,
1998). In our study as shown in Fig. 3, most of the disparities between
the deduced amino acid sequence and those derived from the LC–MS
analysis were probably due to mass equivalence. Examples include W
(186.21) at position 168 and GE (186.17); LS (200.24) at positions 200–
201 and TV (200.24); EN (243.22) at positions 252–253 and QD
(243.22); NN (228.20) at positions 404–405 and XD (228.25); NSNL
(428.44) at positions 411–414 and DAEN (429.39). Since most of the
Fig. 3. Nucleotide sequence, deduced amino acid sequence of polyhedrin from the OB of PemoNPV and amino acid sequences of tryptic digested peptides identiﬁed by LC–MS
(indicated as LC–MS on the right). Nucleotide and deduced amino acid residues are numbered on the right. The putative late promoter element, TAAG, is shown in box. Deduced
amino acid residues that matched with the LC–MS data are underlined. Potential N-linked glycosylation sites are indicated by small arrows. The potential O-linked glycosylation site
indicated by a circle. M denotes methionine sulfoxide; X indicates either isoleucine (I) or leucine (L).
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Fig. 4. Sequence alignment of the deduced amino acid residues of PemoNPV OB protein and translated product of unknown sequence of PvSNPV (DQ496179) identiﬁed by tblastn
homology search. Letters in the center lines indicate identical amino acids; (+) symbols indicate pairs of similar amino acids. Numbering is as follows. Upper line, amino acid residues
number 11 to 296 of PemoNPV OB protein; lower lines, nucleotide number 353 to 1135 corresponding to reading frame +2 of PvSNPV unknown sequence.
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deduced amino acid sequence, it was quite certain that the isolated
DNA fragment corresponded to the gene for PemoNPV polyhedrin.
Expression of PemoNPV polyhedrin and Western blotting
In order to verify that the isolated DNA fragment consisted of the
polyhedrin gene of PemoNPV, it was cloned and expressed in
Escherichia coli and the expressed protein was probed by Western
blotting with various MAbs against PemoNPV polyhedrin (Boonsa-
nongchokying et al., 2006). Since attempts to express the full-length
polyhedrin were unsuccessful, it was expressed in two parts. OB-N
corresponded to nucleotides from positions 1 to 759 and OB-C
corresponded to nucleotides from positions 760 to 1359 that yielded
PCR amplicons of 769 bp and 614 bp, respectively. OB-N was
expressed in the form of an intein C-terminus tag fusion protein with
molecular mass of 83.2 kDa (OB-N 28.2 kDa+intein 55 kDa), whereas
OB-C was expressed in the form of a glutathione-S-transferase (GST)
N-terminus tag fusion protein with a molecular mass of 48.4 kDa
(OB-C 22.4 kDa+GST 26 kDa) (Fig. 5A).
For Western blotting, MAb 25-4G speciﬁc to PemoNPV polyhedrin
recognized the expressed OB-N-intein fusion protein and natural
polyhedrin in the homogenate of PemoNPV-infected P. monodon PL.Fig. 5. SDS-PAGE andWestern blot analysis. E. coli lysate containing OB-N-intein (a), E. coli ly
infected Penaeus monodon post larvae (d) and high molecular weight marker (S) were
nitrocellulose membrane was treated with (B) MAb 25-4G speciﬁc to N-terminus or (C) MA
proteins in E. coli. The numbers on the left hand side are molecular masses of the marker prot
molecular masses of 58 and 54 kDa. The lower band may be the degraded product of the uThe natural polyhedrin in the homogenate gave two bands at
molecular masses of 58 and 54 kDa. The lower band may have been
a degradation product of the upper band (Fig. 5B). By contrast, MAb 5-
6F, also speciﬁc to PemoNPV polyhedrin, recognized the expressed
GST-OB-C fusion protein and natural polyhedrin in the PL homogenate
where two bands at molecular masses of 58 and 54 kDa were also
obtained (Fig. 5C). However, no propeptide cleavage site was
identiﬁed using ProPeptide cleavage site prediction software (Furin-
speciﬁc cleavage site at arginine/lysine residues) by ProP1.0 (Duckert
et al., 2004). Further characterization by Western blotting using a
series of our developed MAb (Boonsanongchokying et al., 2006)
speciﬁc to PemoNPV polyhedrin revealed that each MAb bound to
either OB-N or OB-C recombinant protein. As shown in Table 1, MAbs
MBV21-4B, MBV25-4G, MBV6-9G, MBV14-1G, MBV16-3G, MBV21-
11G, and MBV24-5E bound only to OB-N recombinant protein,
whereas MBV10-11H, MBV21-8A, MBV5-3H, MBV5-6F, and MBV8-
5G bound only to OB-C recombinant protein. None of the MAb could
bind to both recombinant proteins (Table 1). These results indicated
that the antigenic epitopes of the polyhedrin recombinant proteins
were similar to those of puriﬁed OB protein. In one case, MBV5-3H
showed strong immunoreactivity with puriﬁed, natural polyhedrin
but bound weakly to the OB-C recombinant protein. Such a
phenomenon might occur if the epitope recognized by MBV5-3Hsate containing GST (b), E. coli lysate containing GST-OB-C (c), homogenate of PemoNPV-
separated in 12% SDS-PAGE (A) and transferred to nitrocellulose membranes. Each
b 5-6F speciﬁc to C-terminus of PemoNPV polyhedrin. Arrow heads indicate expressed
eins. Natural PemoNPV polyhedrin from shrimp homogenates appeared as two bands at
pper band.
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recombinant proteins. In a previous report, this MBV5-3H gave the
highest sensitivity with puriﬁed polyhedrin using an indirect ELISA
(Boonsanongchokying et al., 2006).
Conclusions
The polyhedrin gene from PemoNPV was successfully isolated and
shown to comprise an ORF of 1359 nucleotides encoding a protein of
452 amino acid residues with a predicted molecular mass of 50.6 kDa.
The deduced amino acid sequence indicated that the polyhedrin is a
novel protein with putative N-linked and O-linked glycosylation sites.
The successful isolation and expression of PemoNPV polyhedrin will
pave the way for further investigations on its function and on the
genes and genome of PemoNPV. The work will also allow for the easy
development of PemoNPV detection methods based on its polyhedrin
gene and protein. It is hoped that such developments will lead to




Cephalothoraxes from PemoNPV-infected shrimp were ﬁxed in
Davidson's ﬁxative and processed for parafﬁn sectioning as described
previously (Lightner, 1996). Serial sections (8 μm thickness) were
prepared and processed for indirect immunoperoxidase staining using
monoclonal antibody MBV 8-5G (Boonsanongchokying et al., 2006)
previously adsorbed with formalin ﬁxed hepatopancreatic homoge-
nate from uninfected shrimp. This was followed by treatment with
GAM-HRP diluted at 1: 1000 with 10% calf serum in PBS (pH 7.4) and
visualization by incubation with 0.03% DAB and 0.06% hydrogen
peroxide in PBS. Preparations were counterstained with hematoxylin
and eosin Y (H&E) (Lightner 1996), dehydrated in a graded ethanol
series, cleared in xylene andmounted in permount (Sithigorngul et al.,
1999). A positive immunoreaction was visualized as brown coloration
against the purple blue of basophilic hepatopancreatic tubule
epithelial cells and nuclei.
Amino acid sequence determination of OB polyhedrin
Polyhedrin from OB of a Thai isolate of PemoNPV was puriﬁed from
5000 post larvae (PL) of P. monodon as described by Boonsanongchoky-
ing et al. (2006). The puriﬁed polyhedrin was subjected to 12% SDS-
PAGE and stained with Coomassie brilliant blue. A protein band at
58 kDa corresponding to polyhedrinwas conﬁrmed byWestern blotting
using monoclonal antibody (MAb) MBV 5-6F (Boonsanongchokying et
al., 2006). The amino acid sequences of tryptic digested peptides were
identiﬁed by Dr. Michael Kinter at Lerner Research Institute, Mass
spectrometry Laboratory for protein sequencing, The Cleveland Clinic
Foundation, OHIO, USA. Brieﬂy, the gel containing the polyhedrin band
was cut, destained and digested with 5 μl of trypsin (10 ng/μl) in 50mM
ammonium bicarbonate and incubated overnight at room temperature.
The digested product was extracted in two aliquots of 50% acetonitrile
with 5% formic acid and the extracts were combined and evaporated to
less than 30 μl before being subjected to LC–MS analysis using a
Finnigan LCQ ion trap mass spectrometer system.
PemoNPV DNA preparation
Post larvae from naturally PemoNPV-infected P. monodon were
homogenized in lysis buffer (50 mM Tris–HCl, pH 9, 100 mM EDTA,
50 mMNaCl, 2% SDS; T. W. Flegel pers. comm.) and DNAwas extracted
from 200 μl of homogenate using a high pure viral nucleic acid kit
(Roche Molecular Biochemicals) as described in the product manual.Cloning strategies for isolation of the polyhedrin gene
DNA sequence for 25 amino acid residues at the polyhedrin N-terminus
The degenerate oligonucleotide primers MBVFdegn (ATG TTY GAY
GAY WSN ATG ATG) and NMBVR (GCN AGN GTN AGN ACC ATY TT)
were designed based on the ﬁrst 25 amino acid residues at the N-
terminus of PemoNPV polyhedrin protein as reported by Satidkanitkul
et al. (2005). These were used with DNA isolated from PemoNPV-
infected P. monodon PL (see above) as the template. The PCR protocol
comprised initial denaturation at 94 °C for 5 min followed by 35 cycles
of 94 °C for 30 s, 42 °C for 30 s and 72 °C for 15 s, followed by a ﬁnal
extension step at 72 °C for 7 min. The ampliﬁcation product was
cloned into pCR 2.1 vector (Invitrogen) for sequencing.
DNA sequence toward the 3′ end of the polyhedrin gene
To determine theDNA sequence at the 3′ end of the polyhedrin gene,
3 consecutive methods were used, including linear ampliﬁcation,
cytosine tailing and PCR ampliﬁcation. For linear ampliﬁcation, primer
MBVF22 (ATG ATG ATG GAA AAT ATG GAC) was used with DNA
extracted from PemoNPV-infected P. monodon PL as the template. The
50 μl reaction contained 2 pmol of MBVF22 primer, 200 μM dNTP,
1.5 mMMgCl2, and 2.5 U of Platinum Taq DNA polymerase (Invitrogen).
The linear ampliﬁcation protocol consisted of initial denaturation at
94 °C for 4 min followed by 25 cycles of 94 °C for 30 s, 45 °C for 30 s and
72 °C for 1 min 30 s, followed by a ﬁnal extension step at 72 °C for
15 min. The DNA amplicon was puriﬁed using a reaction cleanup kit
(Qiagen) before it was subjected to a cytosine tailing reaction.
The cytosine tailing reaction solution contained 5 μl of the puriﬁed
linear ampliﬁcation product solution, 400 U of terminal transferase
(Roche Applied Science), 1× reaction buffer, 5 mM CoCl2, 0.5 mM dCTP
in a ﬁnal volume of 20 μl. The reaction was incubated at 37 °C for
15 min and then 2 μl of 0.2 M EDTA (pH 8.0) was added to stop the
reaction. The DNA was further puriﬁed using a reaction cleanup kit
(Qiagen) prior to PCR ampliﬁcation.
For PCR ampliﬁcation, the primer MBVnested (GAC CTT AGT GGA
GAT CAG AAG) and the poly-guanine primer (TATAGGGGGGGGGG-
GGGGG) were used to generate a library of fragments covering the
ﬂanking regions. The PCR reaction contained 50 pmol of each primer,
200 M dNTP, 1.5 mM MgCl2, 2.5 U of Platinum Taq DNA polymerase
(Invitrogen), and 2 μl of the tailed fragments. The PCR protocol
consisted of initial denaturation at 94 °C for 4 min followed by 35
cycles of 94 °C for 30 s, 55 °C for 30 s and 72 °C for 1 min 30 s, followed
by a ﬁnal extension step at 72 °C for 20 min. The ampliﬁcation
products were cloned into pGEM-T easy vector (Promega) to generate
a library of fragments for sequencing.
DNA sequence towards the 5′ end and promoter region of the
polyhedrin gene
For sequencing of the 5′ end of the polyhedrin gene, a strategy
using 3 consecutive methods was used as described above for the 3′
end. Modiﬁcations for the linear ampliﬁcation reaction were a change
to primer MBVR139LN (AAT TTT TCT TCA GGT CTG C) and extension
cycling at 72 °C for 30 s instead of 1 min 30 s. Cytosine tailing was
performed as described above, as were the PCR ampliﬁcation reactions
except for substitution of primer MBVR120nested (AGC TTC GTT CAA
CAT CTT C) and cycling extension at 72 °C for 30 s. The ampliﬁcation
products were cloned into pGEM-T easy vector (Promega) to generate
a library of fragments for sequencing.
Expression of the polyhedrin coding region
The OB polyhedrin protein coding region was ampliﬁed in two
parts. OB-N corresponded to nucleotides at positions 1 to 759 and
OB-C corresponded to nucleotides at the positions of 760 to 1359. To
prepare the OB-N expression plasmid, primers MBVF (CAT ATG TTC
GAC GAT AGC ATG ATG) and MBVR759 (G GAA TTC ATT TTC TGA GAA
267P. Chaivisuthangkura et al. / Virology 381 (2008) 261–267AAT CTT GCA C) with added restriction sites (underlined) were used
in a PCR reaction with Pfx polymerase (Invitrogen) and DNA isolated
from PemoNPV-infected P. monodon PL as the template. The resulting
PCR amplicon was cloned into expression vector pTYB1 (New
England Biolabs) at NdeI and EcoRI sites and transformed into E.
coli strain BL21 (DE3). The integrity of the open reading frame of the
recombinant plasmid was veriﬁed by DNA sequencing.
To prepare the OB-N expression plasmid, primers MBVF760 (CG
GGA TCC ACT TCT ATA CAA GAT GAT AC) and MBVR (CTC GAG TTA TTC
ATT TGT ATG ATG CGT C) with added restriction sites (underlined)
were used in a PCR reactionwith Pfx polymerase (Invitrogen) and DNA
isolated from PemoNPV-infected P. monodon PL as the template. The
PCR amplicon was cloned into expression vector pGEX-6P-1 (Amer-
sham) at BamHI and XhoI sites and transformed into E. coli strain BL21.
The integrity of the open reading frame of the recombinant plasmid
was veriﬁed by DNA sequencing.
Western blotting
Lysates of E. coli containing OB-N-pTYB1 plasmid, E. coli containing
pGEX-6P-1 plasmid, E. coli containing OB-C-pGEX plasmid and a
homogenate of PemoNPV-infected P. monodon PL were separated by
12% gel SDS-PAGE according to the method described by Laemmli
(1970). Sampleswere electrophoresed for 3 h at 60 V and part of the gel
was stained using Coomassie brilliant blue R-250. For Western blot
analysis, SDS-PAGE gels were electroblotted onto nitrocellulose mem-
branes using a Transblott apparatus (BioRad). The membranes were
incubated in 5% blotto (5% nonfat drymilk, 0.1% TritonX-100 in PBS) for
10 min and then incubated with monoclonal antibody speciﬁc to OB
polyhedrin of PemoNPV (Boonsanongchokying et al., 2006) for 4 h.
After extensivewashing in 0.5% Blotto, themembraneswere incubated
with horseradish peroxidase conjugated goat anti-mouse IgG heavy
and light chain speciﬁc antibody (GAM-HRP; BioRad) at 1:1000
dilution for 4 h. Themembranewas thenwashed extensively as before
and incubated in a substrate mixture containing 0.006% hydrogen
peroxide, 0.03% diaminobenzidine (DAB), 0.05% cobalt chloride in PBS.
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